The even-even nucleus 26 Mg has been studied through the reaction 27 Al(d, 3 He) at 25 MeV beam energy. The spectroscopic factors have been extracted upto 7.50 MeV excitation energy using local, zero range distorted wave Born approximation. The comparison of the spectroscopic factors have been done with previously reported values using the same reaction probe. The extracted spectroscopic factors for different excited states were found to be in good agreement with the previously reported values for the same. The present results were also compared with the predictions from shell model as well as rotational model. The analog states of 26 Al and 26 Mg were found to be in good agreement.
I. INTRODUCTION
The single nucleon pick up reactions like (p,d),(d,t) and (d, 3 He), the stripping reactions like (d,p) are the powerful tools to determine the excitation energy, spin, parity, orbital and total angular momentum and also the spectroscopic factors for single particle levels of the nuclei of interest. The study of the nucleus 26 Mg is important in nuclear physics as well as from nuclear astrophysics point of view as it is the radioactive decay product of 26 Al. The nucleus 26 Al is the first cosmic radioactivity detected through its characteristic γ rays in the interstellar medium and its importance and origin have been investigated widely in the previous years [1] [2] [3] [4] [5] [6] . Very recent study of the reaction 23 Na(α,p) 26 Mg stated that the reaction 23 Na(α,p) 26 Mg directly influences the production of 26 Al [7] . As being the radioactive decay product of 26 Al, the observed excess of 26 Mg in meteorites [8] , presolar dust [9, 10] , the presence of excess 26 Mg resulting from the decay of 26 Al in calcium-aluminium-rich inclusions (CAIs) and ferromagnesian silicate spherules (chondrules) from Allende meteorite [11] shows that the study of 26 Mg is also important to understand the origin of 26 Al.
In previous years, several particle transfer reactions were performed to study the different excited states of 26 Mg. Earlier, the reaction 27 Al(d, 3 He) has been studied at 29 MeV [12] , 34.5 MeV [13] , 52 MeV [14] and at 80 MeV [15] . Apart from (d, 3 He) reaction channel, other reaction channels such as 25 Mg(α, 3 He) [16, 17] and 25 Mg(d,p) [18] were also used to study 26 Mg. The spectroscopic factors for the excited states of 26 Mg have been extracted in these reactions. A compilation of different excited states of 26 Mg has been performed by Endt et * Email: vis.vip22@gmail.com ∦ Raja Ramanna Fellow al. [19, 20] .
The Primary motivation of the present study was to examine the dependence of spectroscopic factors on optical model potential parameters used in the analysis by comparing the present results with previously reported values for the same reaction probe. Nine excited states of 26 Mg were studied by zero range distorted wave Born approximation (ZRDWBA) calculations performed using DWUCK4 code [21] and the extracted values of spectroscopic factors were compared with the previous results and also with predictions from the shell model given in [13, 14] and predictions given from rotational model in [14] . The spectroscopic factors of T=1 analog states of 26 Al and 26 Mg should be identical, so the verification of T=1 analog states in 26 Al and 26 Mg produced in (dt/ 3 He) reaction sequence was also the motivation of the present study, which is the first study using 27 Al(d, t) and 27 Al(d, 3 He) reactions sequence.
II. EXPERIMENTAL DETAILS
The experiment was performed using 25 MeV deuteron beam from the K130 Cyclotron on a self-supported 27 Al (thickness∼90 µg/cm
2 ) target at the Variable Energy Cyclotron Centre, Kolkata. The experimental details and a sample of typical two dimensional spectrum of light charged particles obtained using Si(E) -Si(∆E) telescope set up have been given in [22] . A typical excitation energy spectrum of 26 Mg, obtained from the 3 He ridge, which was populated via the reaction channel 27 Al(d, 3 He), is shown in Fig. 1 The OMP parameters for entrance channel were extracted using the optical model code ECIS94 [23] and detailed description about the extraction of OMP parameters has been given in our previous study of 27 Al(d,t) [22] . We checked all of the three sets of OMP parameters given in [22] as the entrance channel OMP parameters to study the present 27 Al(d, 3 He) reaction at 25 MeV. However, in the present work only one set of OMP parameters from Ref. [22] (set A in Table I ) had been used for the entrance channel. We used two sets of the OMP parameters for 3 He+ 26 Mg partition in the exit channel which are given in Table I as set B and set C. The OMP parameter set B was calculated using the relation given in Ref. [24] while the set C of OMP parameters was taken from the [12] . The t+ 26 Al parameter set given in Ref. [22] , which was calculated using the relation given in [24] ; was also tested in the present analysis for 3 He+ 26 Mg and this parameter set was also found to reproduce the experimental data nicely. In this paper, we used the sets B and C as given in Table I Figs. 2 and 3 and these were fitted with theoretical predictions in ZRDWBA using the computer code DWUCK4 [21] . The theoretical predictions were found to reproduce the experimental data well for lower excited states but for higher excited states the deviations between theoretical predictions and experimental data were found to be large at backward angles. The value of transferred angular momentum was calculated using the prescription given in [25] . Spectroscopic factors of these states of 26 Mg were extracted using the relation between experimental cross section and theoretical cross sections given in [26] ;
where, ( 26 Mg are 1/3 and 2/3, respectively, and S is the spectroscopic factor.
To extract C
2 S values for different excited states of 26 Mg, we used two combinations A-B and A-C of OMP parameters obtained from the entrance-exit channel potential parameter sets given in Table I . The variation in the extracted spectroscopic factors between the potential combinations A-B and A-C, was less than 25% for l = 2 transfer (It should be noted that the variation includes all the observed states for which configuration mixing 0d 5/2 + 1s 1/2 was considered and also for those states which were analysed without configuration mixing). This variation for the l = 0 transfer for the states shown in Fig. 2 is large (maximum upto 67%) because of very low contribution as compared to l = 2 transfer while for the states shown in Fig. 3 , the variation was found to be from 14% to 30%. The average of the extracted C 2 S values for different excited states of 26 Mg from the said two combinations was taken as final and are given in Table II . The estimated deviations between the C 2 S values extracted individually from the combinations A-B and A-C were used in determining the uncertainties in the C 2 S values for different excited states of 26 Mg. The theoretically predicted C 2 S values from the shell and rotational models given in [14, 15] are also given in Table II for comparison.
The uncertainties in the C 2 S values that arise due to the choice of bound-state potential parameters in the calculation of ZRDWBA, were also taken into consideration to determine the uncertainties in C 2 S values in the present study. To see the effect of radius of bound-state potential, we extracted C 2 S values for the two afore said OMP combinations using R o =1.25 f m and taken the average of the C 2 S values for all the states. The difference between the average C 2 S values calculated using the radius of bound-state potential R o =1.25 f m and average using R o =1.20 f m as described above keeping other parameters unchanged was also included in the uncertainty in C 2 S values of the observed states of 26 Mg. The reduction in the C 2 S values for R o =1.25 f m was approximately 5 to 25% as compared with R o =1.20 f m for l = 2 transfer while for l = 0 transfer, 15% to 40% reduction in C 2 S values were noticed except for the states at 1806 and 2935 keV(For these two states, it was found to be increased by 50%).
Along with the above two types of differences estimated in the calculation of C 2 S values, the average error in experimental data points was also included in the uncertainty of C 2 S values for different excited states of 26 Mg. The total uncertainty calculated has been listed in Table II [22] . Set B were extracted from the relation given in Perey and Perey [24] . Set C Parameter sets were taken from 27 Al(d, 3 He) [12] . D, the Well depth adjusted to give the required separation energy for the transferred particle.
for different excited states of 26 Mg and compared our results with previously reported values for the same reaction. The relative spectroscopic factors are listed in Table III. It was clear from Table II that the C 2 S values extracted for the states of 26 Mg shown in Fig. 2 were very large for l = 2 transfer as compared with l = 0 transfer in 0d 5/2 + 1s 1/2 configuration mixing. So, for l = 0 transfer, the uncertainties were not shown for the states shown in Fig. 2 and also we may avoid configuration mixing for these states but for the sake of completeness we presented the results assuming configuration mixing. For the states shown in Fig. 3 , the contribution of C 2 S values extracted for l = 0 transfer has increased as compared with the states shown in Fig. 2 .
The fitted experimental cross sections for ground, 1806, 2935 and 4335 keV states alongwith their respective theoretical cross sections predicted from DWUCK4 code are shown in Fig 2. The extracted C 2 S value for ground state was found to be less in the present study; however, it is consistent, within the limits of uncertainties, with previously reported values using same reaction probe at different energies. C 2 S value of the 1806 keV state for 0d 5/2 in the present analysis was also found to be less compared with the previously reported experimental values given in [12] [13] [14] [15] but the relative C 2 S value was found to be in agreement with previously reported values. It is also found to be in agreement with the rotational model predictions given in [14] . The C 2 S value in the present analysis for 1s 1/2 mixing was found to be in good agreement with both experimentally reported value given in [12] as well as predictions from shell and rotational models given in [14] . Though the extracted C 2 S values for ground, 1806 keV and 2935 keV excited states were found to be less than the previously reported values for the same however relative C 2 S values were found to be consistent with previously reported values for these states. The C 2 S values for 2935 keV state for both l = 2 and l = 0 transfers were also less compared with previously reported values; however, the relative C 2 S value for l = 2 transfer is in agreement with the previously reported values while that for l = 0 transfer is comparable [13, 14] . † TC2 represents theoretical predictions from rotational model given in [14] . ‡ Due to uncertainty in data, the reported uncertainties are greater than 50%. with the value reported in [14] . Around the excited state at 4335 keV, there are 4318 keV, 4332 keV and 4350 keV excited states and in the present study these states could not be resolved. So the analysis was performed by taking the centroid position and spectroscopic factor for the 4335 keV excited state was extracted. The spectroscopic factor for the 4335 keV state was found to be less in the present study.
In Fig. 3 , we have fitted experimental cross sections for 4847, 5302, 5482, 5718 and 6141 keV states with the respective theoretical cross sections predicted from DWUCK4 code. The extracted C 2 S value for the state at 5302 keV was found to be in good agreement with previously reported experimental value in [12] for both l = 2 and l = 0 transfers and also in good agreement with theoretical predictions from shell model given in [13, 14] . The extracted C 2 S value for the 5482 keV state was also less in the present study and its relative C 2 S value was compared with previously reported experimental values as well as with predictions from shell model given in [13, 14] . It was found that its relative C 2 S is in agreement with the values reported in Ref. [12, 13] . The extracted C 2 S value for the 6141 keV state was found to be in agreement with the previously reported value in [12] for l = 2 and l = 0 transfers. The relative C 2 S value of 6141 keV state was found to be in good agreement with previously reported values listed in Table III . There may be mixture of two or three states in 4847 keV state but we have taken them together as a single state and the reported excitation energy corresponds to the centroid position. Similarly, there may be mixture of two states in the state at 5718 keV. For 4847 and 5718 keV states the extracted spectroscopic factors were compared with the spectroscopic factors reported earlier for those states which are close to the two states and are listed in Table  II For T=1 states in 26 Al, the spectroscopic factors should be identical to their 26 Mg analogs. So, we compared spectroscopic factors of analog states of 26 Mg and 26 Al, extracted from the present study of (d, 3 He) reaction and our previously studied (d,t) reaction [22] . The comparison is given in So, one can draw the conclusion from Table IV 26 Mg were compared and were found to be in good agreement indicating that the ratios of the production of analogs were equally probable.
The potential parameter dependence of spectroscopic factors had also been checked with two different exit channel potential parameters. In the present study of the reaction 27 Al(d, 3 He), less than 25% variation has been observed in extracted C 2 S values of the states of 26 Mg for l = 2 transfer between the two combination of entranceexit channel potential parameters while for l = 0 contribution, the variation was in the range between 14 to 67%. It has also been verified that the change in the radius of bound-state potential affected significantly and reduced the extracted C 2 S values up to 25% for l = 2 transfer while for l = 0 transfer, it has decreased upto a maximum of 40%. All those factors that affected C 2 S values, which have been discussed in the present paper, were used to estimate the uncertainties in the extracted C 2 S values.
In conclusion, 26 Mg can be studied well with the reaction 27 Al(d, 3 He). The experimental data was found to be well reproduced by the theoretical predictions. The extracted values of spectroscopic factors were found to be in good agreement with the predictions from shell model, rotational model and also with those reported earlier.
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